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(54) PREPARATION OF LUBRICANT-CONTAINING 
SYNTHETIC RESIN COMPOSITIONS 



(71) We, SUMITOMO ELECTRIC 
INDUSTRIES, LTD., a Japanese Company, 
of Na. 15, Kitahama 5-Chome, Higashi-Ku, 
Osaka-Shi, Osaka, Japan, do hereby declare 
the invention for which we pray that a patent 
may be gtanted to us, and die mediod by 
vAudi it is^ tn be performed, to be particulaily 
described in and by the following statement:— 

This mvention relates to a lubricant-con- 
taining polymeric synthetic resin composition 
and a process for preparing it 

Resins sudi as polyamides, polyacetals, poly- 
carbonates and polymers of tetrafluoroethylene 
have been used as wear resistant or low- 
frictian materials. Such materials are fully 
serviceable under low loads and at low 
vclodti« even in the absence of lubricant, 
but at higher loads and velocities, the frictional 
heat generated tends to cause softening and 
charring so that the materials become useless. 

Polytetrafiuoroethylene has a very low co- 
efQcient of friction, but it has poor abrasion 
resistance. Its abrasion resistance may be im- 
proved by a filler sudi as glass fibres, asbestos, 
mica, grai^te, lead or lead oxide. Unfortun- 
ately however, such a filled polytetrafiuoro- 
ethylene is very expensive. 

Polyamides, polyacetals or polycarbonates 
^ cheaper, and their, abrasion resistances may 
be improved by addition of a solid lubricating 
agent, such as graphite, molybdenum sulphide 
or. a polytetrafiuoroethylene powder, but the 
improvement in abrasion resistance under hig^ 
loads, and at hi^ velocities is only sligjit 

Other low friction materials are made by 
sintering synthetic resin and metal powders 
to form e.g. a bearing, and impregnating with 
a hibricant. However, synthetic resin powders 
are e^]>ensive, moulding is difficult and the 
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moulded articles produced have very poor 
strength. 

On the other hand, it is well known that 
when an external lubricant is supplied, the 
coefficient of friction of the plastics material 
may be reduced by at least nine-tenths and its 
abrasion resistance markedly increased. How- 
ever, the use of an external lubricant requires 
a lubricating medbanism, which increases the 
cost . 

An object of this invention is to improve 
the lubricity and abrasion-resistance of a poly- 
meric synthetic resin composition at low cost 
and to produce such a composition with good 
mouldability. 

We have disclosed in United States Patent 55 
No. 3,779,918, a lubricant-containing plastics ' 
composition which is obtained by mixing a 
lubricant vdth a lubricant-absorbent carrier 
having a specific surface area of at least 
0.01 mVg> and mixing the resulting mixture 60 
with a base plastics material (synthetic resin). 

We have now found that a lubricant may be 
incorporated into a base syndietic resin with 
oiit separation, by (a) mixing a lubricant 
with at least one carrier; and (b) simul- 65 
taneously or subsequently mixing tibe resulting 
mixture jvith a synthetic resin; wherein the 
carrier is an organic or inorganic powder 
having (i) a melting point higher than the 
moulding temperature of the synthetic resin, 70 
(ii) a specific surface area of at least 0.3 m^g 
and (iii) an oil absorbance as defined herein 
of at least 0.2 cc of oil per cc of carrier; and 
the amount of lubricant used is 2 to 40% 
of the vdtuie of the composition, and not more 75 
diain 10:00 times the total oil absorbance of 
the carrier. 

The organic or inorganic powder ' carrier 
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should be as fine as possible, and have a 
sped&c surface area of at least 0.3 tnYgj 
desirably at least 0.9 ni*/g, and preferably at 
least 3 m-/g. Powders having a surface area 

5 of less than 0.3 ni*/g have the defects that 
large particles are dispersed in the base plastics 
sudi that the surface condition of the moulded 
artides, and the critical oil absorbtion is low 
so that a larger quantity of the carrier is 

10 necessary whici in turn causes a reduction in 
strength. 

The term oil absorbance " as used herein is 
defined as the ratio of the volume of lubricanr- 
absorbed to die volume of die carrier, as 

15 measured at 20** C ^irhexi the melting point 
of the lubricant is not more than 0°. C, and 
at the melting point plus 20f* C 'w^en die 
melting point of the lubricant exceeds 0^ dk 
This value should be as large as possiUe— 

20 at least 0.2 cc/cc, desirably at least 0.6 cc/cc. 
If die value is less than 0.2 cc/c<^ the lubricant 
tends to be separated, and the amount of the 
carrier is large as compared with the lubricant, 
resulting in a deterioration of die thermal 

25 stability of the composition. 

The amount of the lubricant to be incor- 
porated is not more than 10.0 times the total 
oil absorbance of the carrier, prefer^ly not 
more than 5.0 times its oil absorbance; when 

30 more than 10.0 times the total oil absorbance 
is used, the lubricant tends to s^arate- during 
moulding. 

The amount of lubricant is 2 to 40% 
by volume, desirably 5 to 25% by volume of 
35 the entire composition. If it is less than 2%, 
the abrasion resistance of the composition is 
litde improved, while if it is above 40%, 
die strength and abrasion resistance are re- 
duced. 

40 The lubricant is optionaliy a coinbinadon 
-of a lubricant oil with an oiliness-increasing 
agent and at least oa& of a fire xetardant^ an 
andstadc agent and an andoxidant. 
According to the invendon, it is possible 

45 to mix a syntfaedc resin, a carrier and a 
lubricant simultaneously in a mixer provided 
with rotating blades, llie composidon formed 
by the process according to die invention is 
preferably subsequendy motilded at the mould- 

50 ing temperature of the resin. 

- When the base resin (such as a polyacetal) 
■ is melted and mixed with a lubricant (such 
as a paraffin oil) and a carrier in a monoaxial 
screw extruder, it is dif5cult to disperse the 

55 lubricant sufficiendy in the resin. Since the 
polymer is not compatible with the lubricant^ 
after the polymer has been swollen with the 
lubricant, the remainder of the lubricant is 
adsorbed to the surface of die carrier or 

60 absorbed therein. However, a part of the lubri- 
cant separates from the interior of the polymer, 
and thus separates from the molten polymer 
and the carrier, after whidi the lubricant 
may begin to decompose. The separated lubri- 

65 cam may adhere to the screw and the cylinder 



wall of the extruder, thus caunng difficulties 
in extrusion. 

It is desirable to prepare a water-in-oil 
type snulsion (hereinafter zeferred to as a 
w/o type emulsion) by TniYing and dispersing 
such incompatible substances as a lesln and 
a lubricant, since even wholly incompatible 
substances may be iutimately ndxed in this 
way. We have found that if a molten polymer 
and a lubricant oil are stirred together using 
a low-shear kneader having a great stirring 
effect a stable w/o type emulsion is performed, 
litde lubricant separates ^vd adheres to the 
mixing equipment Suitable low shear kneaders 
are multi-axial extruders (having at least two 
axes) or an optionally heated mixing machine 
having two or more rotors, such as a Banbury 
mixer or calender rolls. 

The accompanying drawing shows diagram- 
matically in end view various suitable types of 
multi-axial rotor. Figs. 1 and 2 show biasdal 
rotors and Figs. 3 and 4 show triaxial rotors. 
Figs. 1 and 3 diow .rotation in differ^t 
directions. Figs. 2 and 4 in die same direction. 
Preferred are dosed kneaders, by means of 
which oxidation of the molten polymer and the 
lubricant by air are minimised. 

In order to obtain water-in-oil emulsions, 
the use of -kneaders having two intezmesiiing 
rotors are preferred, in w&ch two rotors (or 
screws) rotate in different directions (see Figs. 
1 and 3) because such a kneader ^diibits a 
reduced shearing action and ensures good 
stirring effects, dius enaUing more lubricant 
to be included stably. The speed of rotation 
of the kneader is preferably at least 7 rpm, 
especially at least 20 rpm. If it is less than 
7 rpm, separation of the lubricant may occur. 
In die most preferred embodiment it is possible 
to include 2 to 40% by vdume of lubricant 
by the use <rf a multiaxi^ screw-type extruder 
with counter-rotating screws. Sudi an extruder 
is preferably continuous and is vented. Desir- 
ably, the ratio of the length (L) to the diameter 
(D) of the screw (L/D) is at least 20, prefer- 
^ly at least 25. 

The master batch method may also be used 
in this invendon, whereby pellets of a higih 
hibricant-content are produced by the method 
described above, and diry blended in any desired 
proportions with resin not containing the 
lubricant By this method, the base resin is 
subjected to less heating so that a deterioration 
in properties is minimised. 

Examples of die synthetic resins used in this 
invendon include polyediylene, polypropylene^ 
acrylonitrile/butadiene/styrene copolymers, 
polycarbonates, polyacetals, polyamides, pdy- 
l^eriylene oxide, poly(butylene terephthalate), 
poly(cthylene terephthalate), poly(phenylene 
sulphide) and polystyrene. 

The following are examples of die powdered 
carrier. 

1. Organic Synthetic resins (List 1) 
Polyamides,. poly (tetrafluoroethylene), poly- 
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carbonates, phenolic resins, epoxy resins or 

diallyl phihalate resins. 

2. Inorganic substances (List 2) 

(1) Carbon such as carbon black, graphite 
5 or activated carbon. 

(2) Minerals comprising as major com- 
ponents calcium carbonate, basic mag- 
nesium carbonate, clay, talc, silica, 
silicates, mica, quartz, diatoraaceous 

10 - earth, asbestos, aluminimn hydroxide, 
alumina or acid day. 

(3) Metal oxides such as lead oxide, titan- 
ium oxide, or copper oxide. 

(4) Metal nitrides such as titanium nitride 
15 or boron nitride. 

(5) Metals such as iron, copper or alumin- 
ium. 

(6) Sulphide? sudi asMoSg! 

The carrier used in diis invention is believed 
20 50 act as: a surface active agent when a waier- 
in-oii emulsion is prepared and stabilized. 

The lubricant may be selected from a wide 
range of mineral oils such as spindle oilj 
refrigerator oil, dynamo oil, turbine oil, mach- 
25 ine oil, cylinder oil or gear oil, greases, syn- 
thetic oils such as hydrocarbons, esters, poly- 
glycols, polyphenyl ediers, silicone oils, and 
halocarbon-type gmthetic oils. 

Suitable oiliness-increasing agdits are a 
30 saturated or unsaturated fatty acid, a fatty 
acid ester, and aliphatic anride, a metal soap, 
and/or a higher alcohol. Examples of die 
oiliness-increasing agent are as follows: 

(1) Saturated fatty adds: 

35 capric add, undecanoic add, lauric add;, 
myiistic add, pahnatic add, stearic add, 
araduc add, behenic add, lignoceric add, 
cerotic add, montanic acid or melissic add. 

(2) Unsaturated fatty adds: 

40 Hnderic acid, tsuzuxc add, phjrseteric add, 
m3pstoleic acid, 9-palmitdeic acid, petrosdinic 
acid, oleic add, elaidic add, gadbleic add, 
gondoic acid, wdiale oil add, erode acid, 
farassidic add, selacholeic add, tallilic add, 

45 xymenic acid, liiaoldc add and linveraisic 
add. 

(3) Fatty acid esters: 

Esters of metiiyl, ethyl, propyl, butyl, amyl, 
hexyl, heptyl, octyl, decyl, cocyl, contyl, or 

50 oleyl alcobd, and a saturated fatty add sudi 
as acetic acid, caproic add, enantoic acid, 
caprylic add, peiargonic add, undecanoic add, 
lauric add, myristic add, palmitic add, stearic 
acid, lignoceric add, cerotic add, montanic 

55 acid or merysic add, or unsaturated fatty acid 
such as petroceric acid, an deic add, eraidic 
add, linoleic add, linolenic add, aradiydic 
add, prasidic add, ercaic adc^ or lisincdeic 
acid, as well as dibasic fatty acid ester and 

60 glycidyl esters. 

(4) Fatty add amides: 

octanoylamide, decanoylamide, lauroyl- 
amide, myristoylamide, palmitoylamide. 



stearoylamide, . eicosoylamide and docosoyl- 
amide. 

(5) Metal soaps: 

Soaps formed between adds such as stearic 
add, oleic add, palmitic add or lauric acid 
and metals such as Li, Be, Mg, Ca, Sr, Cu, 
Zn, Cd, Al, Ce, Ti, Zr, Pb, Cr, Mn, Co, Ni, 70 
Fe, Hg, Ag, Tl or Sn. , , , u 

(6) Higher alcohols: 

ociyl, lauryi, cetyl, stearyl or oleyl alcohol. 

Suitable fire retardants are at least one 
compound which may be liquid or powder 75 
at the moulding temperature of die synthetic 
resin, for exan^Ie one or more of: 

1. Phosphoric add esters 

(of formula 0=P— (OR)s): 

tris-didiloropropyl phosphate, tris-2-chloro- 50 
e^yi idiosphatCj tributoxy ethyl phosphate, 
trimethyl phosphate, triethyl phosphate, tri- 
butyl phosphate, trioctyl pho^ate, trischloro- 
ethyl. phosphate, triphenyl phosphate, tricresyl 
phosphate, trixylenyl phosjAate, creqrl di- 85 
phenyl phosphate, diphenyl mono-o-xylenyl 
phosphate, octylphenyl phosphate, phenyl- 
didiloropropyl phosphate, phenyl didiloroediyl 
phosphate, octyl dichloroethyl phosphate or 
octyl dichloropropyl phosphate. 90 

2. Halogenated aliphatic hydrocarbons: 

dibromotetrachloroethane, tetrabromoethane, 

1>2,3,4 - tetrabromobutane, or chlorinated 
paraffin. 

3. Halcjgenated aromatic hydrocarbons: 95 
chlorinated or braminated aromatics, such 

as hexabromobenzene or pentabromobenzene. 

4. Halc^enated alicyclic hydrocarbons: 
hexabromocydododecane. 

5. Organotin compounds: 100. 

6. Reactive-type fire retardants: 
tetrachlorophthalic* anhydride, tetrabromo- 

phthalic anhydride, tetrabromo fctj-phenyi A, 
W^-^-cfaloroethyl vinyl phosphate, tribromo- 
phenyl allyl ether, tribromojAenol, tribromo- 105 
aniline and dibromopropanol. 

7. Inorganic compounds: 

aluminium hydroxide, sodium borate, anti- 
mony oxide, talc, and sodium bicarbonate. 
(These inorganic compounds are desirably used no 
in intimate admixtures with the compounds 
1 to 6 mentioned above). 

Suitable antioxidants are at least one of • 
1. Phenolic compounds: 

1,1 - bis - (4 - hydroxyphenyl) - cydo- 115 

hexanestyrenated phenol, 
2,6-rfi-terf.-butyl-4-methylphenol, 
4,4'-diioi)w-(6-/crt-butyl-3-methylfAenol), 
2,2' - mediylene - 5ty - (6 - tert. - butyl - 4- 

methylphenol), i2Q 
4,4' - butylidene - bis - (6 - tert - butyl - 3- 

methylj^enol), 
or or i?-napdithol. 
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dibutyl-p-cresol, 
me^ylene-Jf-nai^iliol^ 
4-isooctylphenol, 

3- nietfayl-2,6-Ji-terf.-butyl-pheiiol, 
5 2-methylpbenol, 

4- r-butylphenol, 
2,6-diinethylphenol, 
4-f-butyl-2-inethyl^end, 
4-^-octyl-2-^le^ilylpheIlol, 

10 2,4-ii-jec.-ainyl0ienol, 
2,4-di-f-amyljSienyl, 

234- (iiniethyi--6*^%atylp1ienQU 
2,6-di^t4>uiyl-4-ineiiiylphenol, 

2A6-tri-i-butyIphenol, * 
15 4,6-di-t4mtyl-2rmethylplieaoI, 
4-f-4}Utyl-pyTOcat3echol, 

235- di-<-buiy]hydioquimmej 
2,4j5-txihydro^^utyn^lienoiie, 
2,2' - dihydroxy - 4,4' - dimeiiioxybenzo- 

20 phenone, 

2-hydrQxy-4-methoxy-ben20phfinone, 
2,2'-dihydroxy-4-methoKy-ben20phfiiione, 
234-dihydroxy-4-octoxy-bcn20pheaoni^ 
2,4-dihydnHgr-'benzopheaone. 

25 2. Amines: 

N,N'-A-5ec.-biit5d-/Kp4ienylenediaimne, 

tetrametfayl-diaminodiphenylriiedianei 
I^enyl-tK-naphdiylamine, 
phenyl-jS-naphthylamine, 

30 l3-diphenyl-2-propyl-teti:ahydr(ayaniinfi, 
N,N'-ift-i3-nap!ithyl-p-pheaylenediamme, 
N,N'-dipheiiyl-p-plieii:^enediammei 
NJ«J'-diallyl-p-phenylenediaimne, 
N-phenyl-N-isopropyl-p-phenylenediamine, 

35 a polymer of 2,2,4-trimetiiyl-l,2-d2iydich. 
quinoline, 

6 - ediQ]^ - 2,2,4 - trimeth^^ - 1,2 - dihydro- 

qiiinolme, 
N-pbenyl-l-naphthylamine, 
40 N-iriienyl-2-naphthylaminei 

N - 1 - propyl - N' - phenyl - p - phenyl- 

cnediamine, and 
N - 1 - phenyl - N' - cydohexyl - p- 

phenylenediamine. 

45 3. Sulphur compounds such as 

4-f-'buiyl tiiiocresol, 

dilauryl«3,3'-thiodipropionate, 

4,4'-thiobis-(6-i-'butyl-2-methylphenol), 

dilauryl tfaiopropionate, 
50 2-mercaptobenzimida2ole, and 

distearyl-3,3'-thiodipropionatB. 

4: Organophosphoius compounds: 
triphenyl phosphite, 
tris-nonylphenyl phosphite, 
55 alkylaiyl phosphites, and 
tri-n-butyl phosphite. 

Hie antiozidant may be used in amjunction 
with an antioxidant promotor such as thiourea, 
its derivatives, thioacids, thioamides, mercapto- 
60 pyridine or pyiimidine derivatives. 

Suitable antistatic agents are at least one 
compound as follows: — 



1. Anionic compounds: 
salts of carboxylic adds, sulphonic adds, 

higher alcohol sulphate esters, aliphatic sul- 65 
phonic adds and phosphoric add esters. 

2. Canonic compounds: 
salts of primary, secondary, tertiary or 

quaternary amines, for example, stearamldo 
propyl dimedi>^-(^-hydroxyethyl) ammnnium 70 
nitrate. - 

3. Amphoteric compounds: 
amino adds, caibasyiic adds, suli^te ester 

salts. 

4. Nonionic compounds: 75 
polyalkylene t^ier adducts of carboxylic 

adds, alcohols or phenol of the alkyl edier 
type, alkyl ester type or polyethylene imine 
type, polyaB^ene eifaer addbcts of pdyamides, 
or amides. 80 

5. Inorganic compounds: 
caibon black, CaFj, CaCOs, or metal fibres, 

e.g. of stainless steel or copper with a diameter 
of several microns to several tens of microns. 

Hie base synthetic resin used in this inyen- 85 
tion may contain glass fibres, caibon fibres, 
or metal fibres incorporated in advance or at 
blending or extruding. 

The resin composition of the invention may 
be used to produce moving parts, for exanaple, 9Q 
light dectrical appHanoe parts sudi as bearings, 
cams, ^ars or rollers, which have a low-fricrion 
surface. These devices may be prodiKsd by 
injecdon moidding or csctrudon moulding. 

The piesent invenrioa will now be iUus- 95 
trated by the following Examples, in dl of 
•whidi mixing is by a Henshell type mixer. 

The properties of all moidded articles formed 
in Examples 1 to 11 and Comparative Ex- 
amples 1 to 6 are given in Table 1, wherein: 100 
♦The "PK value of bearing" is defined by 

pressure x vdodty (Kg/an* Xm/min) which 
shows the limit at which burning does not occur 
when a bearing having an inside diameter of 
10 mm, an outside diameter of 14 mm and 105 
a lengtii of 10 mm is rotated at varying 
peripheral speeds and under varying loads 
without the supply of lubricant, 

** The abrasion resistance is defined by the 
amount of wear caused to a test piece without 70 
the supply of lubricant at a speed of 3.62 
m/sec Mid under a load of 19.8 Kg using an 
iron disc having an outside diameter of 30 nun 
and a thickness of 3 mm. 

Where the word "burned" api)ears in the 75 
Table, this indicates that the sample under- 
went melt flow and charring, so tiiat the 
measurement of the amount of wear becomes 
impossible. 

In other subsequent Tables ([Tables 2—^) 80 
these terms have tiie same meaning. 

The properties of moulded artides formed 
by Examples 12 and 13 and Comparative 
l^amples 7 and 8 are shown in Table 2; and 
by Comparative Examines 9, 10 and 11 in 85 
Table 3. The properties of mouldings formed 
from emtbodiments containing antioxidanls 



(Examines 14 to 17), fire letardants (Ex- 
amples 18 ta 20) and antistatic agents (Ex- 
ample 21) are shown in TaWes 4, 5 and 6 
respectively. 

5 EXAMPLE 1. 

3.5% by volume of activated carbon (liav- 
ing a spedfic surface area of 1015 rnVg and 
an oU absorbance erf 5.7 cc/cc), 7% by volume 
of a paraflanic lubricant oil (Ro 2500, a pro- 

10 duct of Maruzen Oil Co., Ltd.), and 89!5% 
by volume of polybutylene terepfathalate 
(PBT) (G1030), a product of Toyo Spinning 
Co., Ltd.) containing 30% by weight of glass 
fibres were simultaneously mixed in a mixer 

15 inckding rotating blades, and a mixture was 
moulded using a 32 mm-diameter monoaxial 
screw type injection moulding machine. 
- ^ For comparison, G 1030 alone was moulded 
m the same manner as above (Comparative 

20 Example 1). " . . 

As shown in Table 1, the tensHe strength 
of the moulded artide. Was somewhat lower 
according to the invention than in the Com- 
parative Example, but the bearing performance 
25 and the abrasion resistance of the moulded 
article increased markedly. 

EXAMPLE 2. 
The materials as described in Example 1 
werekueaded using a biaxial screw with a screw 

30 oiameter of 30 mm and an L/D ratio of 28 
and adapted to be rotated in different direc- 
tions. The screw was operated at a speed of 
60 rpm, and the temperature of the part below 
the hopper was maintained at 150'' C and that 

35 of the cylinder portion at 200** C. The mixture 
was extruded into an artide having a diameter 
of 3 mm, and then cooled with water. The 
mixture obtained was cut by a pelletizer to 
form pellets. At this time, there was no separa- 

40 tion of the lubricant. Hie pellets were moulded 
by a screw-type injection moulding machine. 

As shown in Table 1, the properties of the 
moulded artide were further in^roved over 
those of the moulded artide obtained iii 

45 Example 1. 

EXAiVlPLES 3, 4 and 5. 
Example 2 was repeated except that (i) 7°/ 
volume of stearic add (ii) 4% by volume 
of Ro 2500 and 3% by volume of stearic acid 
50 and (iii) 7% by volume of stearyl alcohol, 
respecrivdy, were used instead of Ro 2500. 



EXAMPLE 6. 

Example 2 was repeated except tiiat nylon 
66 (CM 3001N, a product of Toray Industries, 
Inc.) was used instead of the polybutylene 
terephthalaie and the amoimt of the activated 
carbon was changed to 2.33% by volume. 

For comparison, CM3001N alone was 
moulded in the. same way as in Example 2 
(Comparative Example 2). 
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EXAMPLE 9. 
Example 2 was repeated except that nylon 12 
(Diamide, a product of Dicell Company) was 
used instead of the polybutylene terephthalate, 
2.5% by volume of carbon blade having a 
surface area of 170 mVg and an oil absorb- 
ancp of 2.3 cc/cc was used instead of die 
activated carbon, and as the lubricant, 7% 
by volume of silicone oil was used. As Com- 
parative Example 5, only the Diamide was 
moulded. 

EXAMPLE 10. 
Example 2 was repeated except riiat poly- 
acetal copolymer (Duracon M90^2, a pro- 
duct of Polyplastic Co., Ltd.) was used as the 
base plastic, and as the carrier, 4% by volume 
of low pressure polyethylene (Hizex MilUon, 
a product of Mitsui Petrochemical Industries, 
Ltd.) having a spedfic surface area of 13 
m^/g and an oil absorbance of 0.7 cc/cc and 
15% by volume of Ro 2500 were used. As 
Comparative Example 6, only M90>— 02 was 
moulded in the same way. The results are 
shown in Table 1. 

EXAMPLE 11. 
Example 10 was repeated except that turbine 
oil (special A 180, a product of Manizen Oil 
Co., L.td.) was used instead of the lubricant 
Ro 2500. Tlie results, are shown in Table 1. 
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The results as shown in Table 1, show that 
the abrasion resistance of die moulded artide 
according to. the invention was markedly in- 
leased. 

EXAMPLE 7. 
ff^^^^ ^ ^ repeated except that nylon 6 . ^5 
(CM 1001 g, a produCT of Toray Industries, 
Inc.) containmg 30% by wei^t of glass 
fibres was used instead of the pdybut^e 
terephthalate, 5% by volume of caldum car- 
brniate having a specific surface area of 31 
m /g and an oil absorbance of 2.14 cc/cc 
TOs used instead of xht activated caibon. and 
toe amount of the lubricant Ro 2500 was 
dianged to 10% by volume. As Conmarative 
Example 3, CM 1001 G alone was^oulded 
in the same way. . 



EXAMPLES. 
Example 2 was repeated except diat a 
polycarbonate (S— 2000, a product of 
Mitsubishi-Edogawa CSiemlcal Co., Ltd.) was 
used instead of the polybutylene terephthalate, 
2% by volume of MoS, having a spedfic 
surface area of 8 m'/g and an oil absorbance 
of 13 cc/cc was used as a carrier, and the 
amount of the lubricant Ro 2500 was changecf 
to 5% by volume. As Comparative Example 
4, 2000 alone was moulded in the same 
way as above. 



75 



80 



85 



90 



95 



100 



105 



110 



115 



Sample 



Comparative 
Example 1 

Example 1 

Example 2 

Example 3 

Example 4 

Example 5 

Comparative .- 
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Comparative 
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Example 9 

■ Comparative 
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Example 11 
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TABLE 1 

Tensile 

Strength **PV Value of Bearing*' 



Abrasion 
resistance 



(Kg/ cm^ (Kg/cm* xm/ min) 



800 
510 
710 
650 
650 
600 

786 

565 

1100 
780 

590 
530 

450 

350 

574 
372 
340 



25 
300 
400 
300 
420 
300 



55 
X800 
1800 



(mm) 

Burned 
4.2 
3,5 
3.8 
3.5 ^ 
3.9 

7.5 
3.3 

Burned 
3.2 

Burned 
6.5 

Bumed 
3.8 

Bumed 
2.9 
3.2 



EXAMPLES 12 AND 13 AND 
COMPARATTS^ EXAMPLES 7 AND 8. 
Example 10 was repeated accept that the 



amounts of Hizex l^iillion and Ro 2500 were 
changed as shown in Table 2. The results are 
shown in Table 2, 
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8 



Example 
10 



TABLE 3 

Comparative 
Example 9 



Comparative 
Example 10 



Comparative 
Example 11 



Amount of cairier 
(vol.%) 

Specific surface area 
(mVg) 

absorbance (cc/cc) 



*'B value" 



1.3 
0.7 



Amount of lubricant 
incorporated (vqI.%) .15 



5.35 



Tensile strength 

(Kg/cih'> 372 

Mixing' by biaxial 

extrUsioii . Good 

Mouldability Good 



1-3 
0.7 

10.7 



Oil separates 
Oil separates 



12 

0.4 
0.18 

15 
6.4 

215 



Good 

Good but 

surface 

condition poor 



25 

0.25 
"0.10 

15 
6.0 

190 



Good 

Good but 
surface 
condition poor 



EXAMPLES 14 TO 17. 
■ Kneading and moulding were performed in 
the same way as in Example 2 using 2.33% 
5 by volume of activated carbon having a specific 
surface area of 1015 m^/g and an oil absorb- 
ance of 5.7 cc/cc, 7% by volume of lubricant 
Ro 2500, nylon 66 (CM 3001 N) as the 
base plastic, and at least one antioxidant^ 



TABLE 4 



Initial Properties Tensile Properties 
- Properties After Deterioration* 



Example 

No. 


Antioxidant(s) 


Tensile 
Strength 


Elonation 


Tens ile 
SUength 


Elongation 






(Kg/cm*) 


(%) 


(Kg^'cm^) 


{%) 


6 


None 


565 


3.5 


240 


1.5 


14 


MDP(0,8%) 


712 


4.2 


296 


2.0 


15 


BBM (0.8%) 


662 


4,0 


335 


2.2 


16 


MDP (0.4%) WXR (0.4%) 


607 


4.1 


317 


2.4 


17 


BBM (0.4%) MDP (0.4%) 


673 


. 4.4 


324 


2.2 



* The deterioration was canied out in a hot air circulating type dryer at 180**C for 
4 days. The percentages of the antioxidants quoted are by weight, relative to the whole 
composition. 



2,2' - mediylenefcw - (6 - tert. - butyl - 4- 
methylphenol) (MPD), 4,4'-butylene5£s-(6- 
ferf.-butyl-3-methylphenol) (BBM) and/or 
4,4' - tfaio &tf ■ ( 6 - tert - butyl - 3 - methyl- 
phenol) (WXR), percentages of whidi are 
quoted by wei^t in the following Table 4. 

Td>le 4 shows the improvement in oxidation 
stability effected by adding an antioxidant. 
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EXAMPLE 18. 
The procedure of Example 6 was repeated 
with the additional presence of 10% by volume 
of Decrolan-4070 (a halogenated alicydic 
5 hydrocarbon-type fire retardant, a product of 
Hooker Oieniical Company) and 0.4% by 
volume of potassium bichromate and moulded. 

EXAMPLE 19. 
The same quantities of materials were used 
10 as m Example 18. The Decrolan-4070 and the 
potassium bichromate were pre-mixed - with 



the nylon 66, and extruded by a biaxial screw 
extruder and then pdletized. The pellets were 
tiien mixed with die activated carbon, and the 
lubricant, and the mixture was moulded in the 15 
same way as in Example 18. 



EXAMPLE 20; 
Example 2 was repeated except that 10% 
by volume of hexabromobenzene and 4%> by 
volume of SbsOa were further added as a fire .20 
retardanL 



TABLE 5 
Combustion Test 



Sample 

Comparative 
Example 2 
(nylon 66) 

Example 6 

Example 18 

Example 19 

Comparative 
Example 1 

Example 2 
Example 20 



Burning Time Afle"r 
Igniting for 10 Seconds 



Burning Time After 
Igniting for 10 Seconds 
Again 



0.3 sec 5 sec 

Continued to burn at a rate of 0.68 inch/min 
0.7 sec g sec 

0.9 sec 10 sec 

Continued to burn at a rate of 0.89 inch/min 
Continued to. burn at a. rate of 0.95 inch/min 
1 sec 20 sec 



Abrasion 
resis tance 

(mm) 

7.5 

3.3 

3.8 

4.0 

Burned 
3.5 
4.8 



As shown in Table 5, lubricant-containing 
plastics compositions having markedly im- 
25 proved abrasion resistance and increased fire 
retardancy can be obtained in accordance with 
the process of the present invention. 

EXAMPLE 21. 
Moulding was performed in the same way as 
30 in Example 2 using Duracon M90-~02 (a 
polyacetal copolymer, a product of Poly- 
plastic Kabushiki Kaisha), 3% by volume of 



polyethylene powder having a specific gravity 
of 1.3 mVg and an oil absorbance of 0.7 
cc/cc (Hizex Million, a product of Mitsui 35 
Petrochemical Industries, Ltd.), 10% by vol- 
ume of lubricant oil Ro 2500, and 1% by 
vdmne of an antistatic agent (Sumistat 
SP— 301 or PP— 101, a nonionic surfactant, a 
product of Sumitomo Chemical Co., Ltd.). 40 
The results of the antistatic test determined 
by means of an honestmeter are shown in Table 



10 



10 



15 



20 



25 



30 



35 



40 
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TABLE 6 



10 



Antistatic Agent 



Half Life 
Period 



Decay Ratio After 
•,3 S4inutes. 





(seconds) 

ft 




M90-02 (not eontaining lubricant) 


n 


0.25 * 


M90_02 (containing lubricant* 
bat not an. antistatic agent) 


• 789 


0.73 

. . •• - 


SP-301 


Less than 1 ..'* 


o.os 


PP-101 


- 9 


0.04 



WHAT WE CLAIM IS;-^ 

1. A process of preparing a lubricant- 
containing synthetic resin composition wfaidi 
comprises (a) inixing a lubricant with at least 
one carrier; and (b) simultaneously or s\d)- 
sequently mixing the resulting mixture with a 
synthetic resin; wherein the carn^ is an 
organic or inorganic powder having (i) a 
melting point higgler than the moulding tem- 
perature of the synthetic resin, (ii) a specific 
surface area of at least 03 m'/g and (iii) an 
oil absorbance as defined herein of at least 
OJZ cc of oil per cc of carrier; and the amount 
of lubricant used is 2 to 40% of tbe vdume 
of the cpmposition, ana not more than 10.00 
times the total oil absorbance of the carrier, 

2. A process as daimed in Qaim 1 wherein 
a mixer including at least two rotors is used 
for said mixing. 

3. A process as claimed in C^im 1 or 2, 
wherein the carrier has an oil absorbance of at 
least 0.6 cc of oil per cc of carrier. 

4. A process as claimed in Claim 1, 2 or 3 
wherein die carrier has a speofic surface area 
of at least 0.9 mVs- 

5. A proces as claimed in Qaim .4 wherein 
the carrier has a specific surface of at least 
3mVg. 

6. A process as claimed in any preceding 
Claim wherein the amount of lubricant used is 
not more dian 5.0 times the oil-absoibance of 
the carrier. 

7. A process as claimed in any of Claims 
1 to 6, wherein the powdered carrier is a 
polyamide, polycarbonate, phenolic resin, epoxy 
resin or dhUyi phdialate xesm or poly(tetra- 
fluorocthylene), 

A process as daimed in any of Claims 
1 to 6, wherein the powdered carrier is carbon 
. or an inorganic mineral; or metal, metal oxide, 
metal nitride or inorganic' sulphide. 



9. A j^cess; as daimed in any preceding 
diain^ wfaerdn the lubricant is a mineral oQ 
or grease, a hydroc^on, an ester, a pdyglycol, 
a poly^enyl ether, a silicone or a halocarbon 
compound. 

10. A process as daimed in any preceding 
daim, wherein the lubricant also indudes a 
fatty add, an aliphatic amide, a metal soap 
and/or a higjber alcohol. 

11. A process as claimed in Claim 1, sub- 
stantially as described herein with, refexenoe 
to the Examples exduding comparative Ex- 
amples 1 to 8, and to the accompanying 
drstwing. 

12. A composition prepared by the process 
as daimed In any preceding Cldm. 

13. A coo^sition as daimed in Qaim 12 
whidi also oontams at least one fire-retardant. 

14. A compositicHk as daimed in C^im 12 
or 13 vdndi also contain at least -one anti- 
static agent. 

15. A composition as daimed in Claims 
12, 13 or 14 whidi also contains at least one 

antioxidant. 

16. A moulded artide prepared by moulding 

a composition as daimed in any of Claims 
12 to 15. 
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1434712 COMPLETE SPECIFICATION 

L SHEET iirawing Is a reproduction of 

the Orlginat on a reduced scale 
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